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Abstract-- In order to evaluate side-loi_e contamination

from the near-nadir region for Ku-Band radars, a statis-

tical characterization of global near-nadir backscatter is

constructed. This characterization is performed for a va-

riety of surface types using data from TRMM, Seasat, and

Topex. An assessment of the relative calibration accuracy

of these sensors is also presented.

INTRODUCTION

Off-nadir looking radar instruments are often vulnerable
to side-lobe Uclutter" contamination from the near-nadir

region (see Fig.l). For pencil-beam scatterometers, such
as the Sea Wind8 instrument to be flown on QuikSCAT

in 1999, suppression of the strong return from the near-

nadir region is an important consideration to insure that
the wind measurements do not suffer from excessive con-

tamination. Because pencil-beam scatterometers typically

have multiple transmit pulses and return echoes in flight,

care most be taken in the scatterometer design to insure

that the near-nadir return is sufficiently attenuated if it

arrives at the same time as an off-nadir pulse. The most

sure way to alleviate the specular region contamination

problem, without placing undue contraints on the pulse

timing scheme, is to insure that the antenna side-lobe lev-

els in the direction of nadir sufficiently suppress this signal.

In this paper, the strength of the near-nadir region

backscatter for a variety of globally encountered surface

conditions is examined. This characterization is performed

empirically using data from spaceborne radar missions
that obtained near-nadir measurements. Given the "worst-

case" nadir return strength, conservative antenna side-
lobe requirements can be derived.

KU-BAND NADIR-LOOKING RADAR DATA SETS

To assess potential Ku-Band contamination from nadir,

we first construct a statistical characterization of global

normalized backscatter cross-section (_o) at low incidence
angles (0-18 degrees). Data collected from three different

sensors are examined: the Tropical Rainfall Measurement

Mission (TRMM) Precipitation Radar (PR), the Seasat-A

Scatterometer System (SASS), and the Topex Altimeter.

Taken together, these data sets allow a thorough charac-
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Figure 1: Near-nadir return contamination geometrlt.

terization of near-nadir backscatter over a wide range of
surface conditions and seasonal variations.

A. TRMM Rain Radar

In addition to profilingrain, the TRMM PR measures

surfaceao at H-polarizationin the incidenceangle range

between 0-18 degrees [4]. The measurement resolution,

cross-trackspacing, and along-trackspacing are allap-

proximately 4 km. The TRMM orbit is such that the

latitudeband between -I-35° iscovered. For convenience

throughout thispaper,we willreferto thisregionas _trop-

ical,"even though ittechnicallyextends wellintothe mid-

latitudes.The regionabove -I-35°,which includesthe po-

lar regions,we shallreferto as "extra-tropical."

In Fig. 2,a one day scatterplotof typicalTRMM PR

a° data isshown for both water and land scenes. The

mean backscatterbehavior over the ocean iswell known,

and can be modeled as an undulating collectionofsurface

facetsof varying slopes [3].On occasion, particularlyin

shelteredareas where wind and swell are damped, near-

specular scatteringoccurs,causing cr° values to spike up

near nadir (< 5° incidence)and decrease sharply further

off-nadir(> 5°). The behavior over land is consistent

with a widely varying target,corresponding to the differ-

ent terrainsencountered - forests,desserts,cities,moun-

tain slopes,lakes,etc. The land backscatterexactly at

nadir isoften dominated by a strong surfacespecular re-

turn. Although the mean _ro over ocean islarger than



land, the much higher variance of the land values have
the effect of making the peak values at each incidence an-
gle approximately the same for both water and land.

4O ,q,

![
me"

t - " _.

--6O 0 • _0 16

m _ (de,m)

,d"  iiiiiiiii'iiH i

Figure 2: Sample scatter plots of TRMM cr° vs. incidence
angle from July, 1998 for (a) ocean and (b) land. Also
shown is a third order curve fit to the data.

There arelimitationswithusingtheTRMM datasetto

characterizeglobalbackscatter.As oftheSeptember1998

TRMM reprocessing,thedynamic rangeislimitedsothat

no backscattervaluesabove28 dB arereported.Although

rare,suchbackscattervaluesareknow/ltooccuratnadir.

The PR coverageisalsolimitedto a ``tropical"latitude
range.This isproblematicbecausenew seaiceisknown

to be averybrighttargetatnadir.For thesereasons,the

complementary datasetprovideby Seasatisexamined as
well.

B. SASS Near-NadirMeasurements

The Seasat-A ScatterometerSystem (SASS) flewfrom

June 28, 1978 untila satellitefailureended the measure-
ments on October I0,1978.In additionto the standard

Bragg-regimemeasurementsmade todeterminewind,SASS

also collected measurements of nadir region backscatter
near 0°, 4 °, and 8 o incidence [1]. These measurements
were collected at both V- and H-Polarization, with each

measurement cell having spatial dimensions of approxi-
matedly 10 km x 50 km. The Seasat spacecraft flew in a
more inclined orbit than TRMM and thus collected mea-

surements up to 4-72" in latitude.
To illustrate how the SASS data from the extra-tropical

region complements the tropical data, normalized histograms
of #° from July 1978 for incidence angle ranges of 0-1
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Figure 3: Ca) SASS 0-I deg incidence.
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Figure 3: (b) SASS 8-4 deg incidence.

degrees and 3-4 degrees are displayed in Fig.s 3(a) and

3(b) respectively. Distributions for ocean tropical, ocean
extra-tropical, and combined land _r° are shown. Impor-
tantly, we note that the SASS data collected here has not

been flagged for sea ice, so the extra-tropical data con-
tains both open ocean and sea ice areas. In July, it is

expected that the antarctic ice sheet is reaching its great-
est extent and the arctic ice sheet is in a melting stage.

In Fig.3(a), we observe that the peak of the extra-tropical
ocean distribution is about 1 dB 'lower than the tropical

ocean distribution - likely caused by the higher winds and
consequently lower nadir backscatter at high latitudes.
The extra-tropical ocean distribution, however, has a pro-
nounced high _° "tail" which indicates a much greater
probability to produce strong specular returns. This tail
is most likely due to the presence of new sea ice in the
antarctic, which forms a very fiat specular surface, and
melting ice in the arctic, where enclosed areas of calm wa-
ter form. At the off-nadir angles in Fig. 3(b), however, the
extented distribution tail reverses positions and exhibits a

higher probability for lower backscatter values. These ob-
servations are consistent with very smooth surfaces where

specular scattering dominates [2].

C. Topex Altimeter _° Data

Although designed for the measurement of sea surface
height, spaceborne altimeters also measure surface backscat-
ter cross section. Altimeter measurements, however, are

generally insufIicient for a complete characterization of
near-nadir backscatter, due to the fact that the or° mea-
surements are only collected at 0° incidence. In this anal-
ysis, data from the Topex altimeter, a successful mission
which has been operated continuously for a number of



years,is included primarily for a calibration validation of
the other instruments.

INTERCOMPAPJSON AND FUSION OF DATA ,SETS

To gain confidence that we can "fuse" the data from the

various data sets discussed above to form a complete de-

scription of near-nadir backscatter over a range of inci-
dence angles, polarizations, and Earth locations, we first
wish to validate that the instruments are calibrated suffi-

ciently accurately relative to one another. Figure 4 com-
pares the mean ocean backscatter of the three sensom.
The SASS and TRMM data are third'order fits to the

data as a function of incidence angle, and the one Topex
point is the mean value at nadir. Note that the sensors

agr_ to within 1 dB or better. Also note that the V-pol
and H-pol curves from the SASS are within 0.3 dB of each
other.
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Figure 4: Comparrison of July mean tropical ocean
backscatter of TRMM, Topez, and SAS5 (1t- and V-pol).

Taking the TRMM and SASS data sets collectively, we
construct a global model of near-nadir backscatter. Such
a model, expreeeed in terms of mean and "peak" backscat-

ter values encountered at each incidence angle is shown in
Fig. 5. Here the mean curve has been constructed as a fit

to both the SASS global and TRMM tropical data, where
weighting has been applied to account for both the rela-
tive frequency of measurements in each data set and for
the percentage of the Earth's surface that each data set

covers. The "peak" backscatter is represented by the 99th
percentile high backscatter observed at each incidence an-
gle. The peak curve will be used to asse_ the "worst-case"

near-nadir contamination. It is important to briefly dab-
orate on the meaning of "peak" backscatter at incidence

angles very close to 0° incidence. For a highly specular
surface, the effective _o varies rapidly with incidence angle
and thus becomes a strong function of both the footprint
area and range of incidence angles illuminated [2]. The
nadir peak values shown in Fig. 5 are consistent with an
average ¢° value in a region 1° from nadir.
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Figure 6: Global mean and peak (99th percentile) near-
nadir bactsca_ter profiles_

SIDE-LOBE CONTAMINATION ANALYSIS,
CONCLUSIONS

Using the peak values from Fig. 5, we integrate over the
entire near-nadir region to calculate the "worst-case" con-
tamination which leaks into the antenna sidelobes. It is
found that, for a pencil-beam scatterometer, the nadir re-
turn may be adequately suppressed if the side-lobes in"
the direction of nadir are 44 dB below the peak gain. For
a ScaWinds class instrument, this is achievable because
the direction of nadir is many beamwidths away from the
boresight direction.
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